energy consumption, and dematerialization.
In more recent years the idea of increasing product lifespan has received a lot of attention from design theorists. This doesn't just mean making goods that can physically last a lifetime and have superior performance. The consumer must have an attachment to the object. This attachment comes from an emotional connection. Contemporary designers must find innovative ways of creating an emotional bond between product and consumer. How can mass produced goods achieve this goal? I believe the answer is involving the consumer in the design process in order to personalize and customize the products they buy.
Made to order goods offer the customer the opportunity to co-design the products that they desire so that they suit particular needs and wants. Instead of selecting pre-manufactured goods from a store or website consumers can now personalize and customize an increasing number and range of products. Companies like Longchamp, Nike, Levis, Addidas, and Ralph Lauren are capitalizing on the fact that consumers want to personalize and customize the products they consume without having to lift a finger. By allowing customers to choose colors, sizes, styles, and even adding personalized logos these companies are capitalizing on the fact that consumers want customization. People become more invested and more attached to objects that they have spent effort in creating, allow for self-expression, and that are unique to the user. The iv consumer is allowed to be creative but this is only from a limited amount of choices available to them.
My research involves taking the concept of customization further to make products that are completely unique to an individual. Nothing is more personal and individualized than the human fingerprint. I am exploring how the fingerprint can be abstracted and used as texture on the surface of furniture. By making objects that are personalized to the user it is my goal to deepen the connection between owner and object to increase product lifespan.
v of products or making repairs to malfunctioning parts consumers see these objects as replaceable.
After all, there is nothing unique and special about an object identical to millions of others.
Although it sounds counterintuitive sustainable design involves slowing consumption.
Emotional Sustainability
In his book Emotionally Durable Design Jonathan Chapman asserts that the sustainability crisis is a behavioral issue and that current consumption patterns are inherently unsustainable. He proposes that the underlying factors that motivate consumption must be explored in order to design for a more sustainable form of consumption where products perform better and last longer.
Chapman describes consumer motivation as a complex personal journey where meaning along with matter is consumed. "The consumption of material artefacts is largely motivated by the need to designate one's own particular being -matter serves to illustrate our values, beliefs and choices as an individual within an unstable and ever evolving societal mass" (Chapman 41).
Consumption can be interpreted as a means of self-expression, a source of fresh new experiences, a way of controlling one's physical environment, and a vehicle for self-improvement. The reasons we consume may be complicated and involved but the reasons products are thrown away are relatively simple.
According to Chapman waste is a symptom of a failed relationship where the object no longer inspires empathy. This is the case when fully functioning objects are discarded. The adoration and meaning of the object fades and the urge for a new and exciting experience arises.
Chapman sees this as a failure of the object to evolve with the user and insists that the emotional durability of a product is just as important as material and functional considerations in the design process. The emotional life of an object has an integral role in determining the lifespan of the product. In order to sustain deeper emotional relationships Chapman offers several strategies that designers can implement.
New Methods
One option is to slow the pace of user object interactions and offer richer experiences that unfold over a longer period of time. Making interactions more nuanced and unpredictable will help to give the object a sense of autonomy and will be able to sustain interest. "Fuzzy interfaces present users with complex, artful scenarios that must be learned and mastered -a novel departure from the unconsciously simple, spoon-fed manner in which interface design has become accustomed, toward a craft-like engagement in which the skill and mastery of an object must be acquired slowly, over time" (Chapman, 78) . Designing objects with the capacity to be loved and cared for engages the user in a dependant relationship that has the potential to evolve over time. Simultaneously making the object autonomous and dependant establishes a dynamic relationship.
Creating an immersive experience where the user becomes completely occupied when engaging with the object can stimulate a bond resulting from the intensity of experience but more subtle user experiences that emerge through the passage of time can have the same effect.
Engaging the senses beyond the visual will enrich these types of experiences. By using materials that age gracefully and wear well with time an object has the potential to sustain a narrative by exhibiting the marks of use. Wood, denim, and leather are a few examples of material that develops character with age.
Chapman proposes that by enriching experience, allowing for growth, sustaining narrative, and evoking an emotional response, designed objects can have a significantly longer life span. "Designers must aim to increase the intensity and perceptibility of subject-object dependency, enabling products to achieve deeper and more immersive modes of prolonged user engagement" (Chapman, 81) .
This idea of incorporating a richer spectrum of experience to foster a deeper relationship and appreciation of the designed environment over time is shared by the now defunct Eternally In her article Design's Role in Sustainable Consumption Ann Thorpe expresses the idea that designers must think of sustainability as a social concern rather than just a sum of technical issues. Aside from making products more physically durable designers must consider how to make everyday products more emotionally durable. Plenty of research has been conducted on consumer behavior and product acquisition but relatively little research has been published regarding product life beyond point of sale. In order to understand how to increase product longevity it is important to understand why people become attached and detached from the products they buy and dispose of.
According to one study conducted by Ozlem Savas "attachments were associated with positive emotional responses, satisfactory and pleasurable experiences during manipulation and care for keeping the product for a long time. Contrarily, detachments were characterized by negative feelings, disagreeable use and unconcern of the product or willingness to discard it" writers have with non-functioning objects. To many these objects are more valuable to them than the expensive functional gadgets that they use everyday.
In one essay Stefan Helmreich describes the nostalgia he feels for his Polaroid SX-70 camera. Although technologically severely outdated Helmreich feels a strong connection to the camera because of the stories associated with the artifact. His grandfather helped to develop the pliable molecules used in dye-development of the film which reminds the author of dinnertime conversations with his grandfather about his inventions. He associates positive memories with the camera due to this connection. This essay illustrates how an object can embody the history and personality of a loved one which strengthens the user object bond.
The unique associations and relationships that consumers have with products is very interesting to me as a designer but predicting what elements contribute to create symbolic meanings is unknowable. This symbolic meaning may stem from the memories the product evokes, how, when and where the object was acquired, or who made the artifact. In this sense user product relationships can be quite idiosyncratic.
For a contemporary product designer the task is great. How can designers mass-produce objects that convey uniqueness and irreplaceability? Is this task even possible? According to Hendrik Schifferson mass production and symbolic attachment is possible. "When a product is judged to be irreplaceable, it has symbolic meaning to its owner that is not present in other products, even when they are physically identical" (Schifferson, 2).
To increase the psychological lifespan of products the designer must find creative ways of increasing the attachment between product and consumer and making objects that are cherished and irreplaceable. Designers must think beyond initial creation and production and consider the entire lifespan of the product and what elements strengthen consumer product bond.
How can designers enhance the value and personal significance of the object they create when it is one of thousands of identical products being mass-produced? Limited choices and styles inhibit the customer's ability to truly personalize their products. It is entirely possible that two customers can order the exact same item. While contemporary mass customization boutiques do offer some degree of uniqueness it is impossible to truly individualize these products due to limited choices. I believe this type of personalization goes a long way in enhancing consumer product bond and lengthening product lifespan but falls short of making the product completely unique.
INDIVIDUALIZATION Finding Something Unique
Taking into account all the current methods of sustainable design I have developed a line of furniture and house hold items that can be personalized and customized to the consumer. My research involved finding sustainable materials, space saving configurations, easy maintenance, fast production, and customized features to enhance the bond between consumer and product. 
Two-Dimensional Experimentation
My experimentation began with using my own fingerprint but ideally the customer's fingerprint would be used for his/her own furniture. My first stage of research involved how I could transfer the fingerprint pattern onto larger functional objects. This involved quite a bit of work and computer software manipulation due to the fact that the average thumb fingerprint is only 1"x.75" in size.
The first step was to take an inked imprint of my thumbprint and apply it to paper. After 11 several attempts at achieving a clean and precise print I then scanned this image at a very high resolution so that it could be enlarged. The pattern was slightly blurred so my next step was to refine the whorls, loops, and arches. After finding a nice balance of detail and smoothness in the line I furthered refined the lines by digitally drawing in missing parts and erasing blurred edges. This was painstakingly detailed process that had to be repeated over and over again. I wanted the print to be as precise and accurate as possible.
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Figure 4: Vector image of thumbprint
The thumbprint was ideal to work with due to its large size and surface area. It also has a nice combination of loops, arches, and whorls. I scanned several other fingerprints but found most of them to be too narrow. The thumbprint is the most complex pattern of lines but also the most interesting. After many weeks of refining the lines a clear and precise image began to emerge. to consider was how I could make the fingerprint into a three-dimensional texture and apply it to an actual object.
Three-Dimensional Experimentation I had numerous options to choose from in terms of CNC machining but the first thing that had to be done was to make a physical prototype to see the actual three-dimensional contours of the fingerprint. The quickest method was to make a sample prototype using a 3D printer. My goal was to print a large-scale relief of my thumbprint texture but I needed to start small and conduct numerous tests to make sure that the pattern would blend well onto a surface.
The 3D printing process is perfect for prototyping due to the speed and accuracy of creation. The printer can create complex objects in just a few hours. The detailed relief of my fingerprint pattern would take me months to make by hand. Using a three dimensional digital file as a guide the printer builds the model layer by layer from the bottom up. Preparing the file for the printer was arduous and I had to experiment with several software programs in order to achieve the desired result. I began by working in AutoCAD. I imported the DXF file that I created in Illustrator. I converted the pattern into editable polylines so that I could extrude and manipulate the relief height. I found that my file was almost impossible to work with due to the large amount of vertices on each line. The printed prototype helped me to envision the potential of my project however it is little more than a decorative plaque that could serve as a wall hanging. 3D printing is a costly manufacturing process and the material is far too delicate to be functional so I decided to experiment with alternative materials and production processes.
In order to get the depth of relief on a large solid surface such as wood or plastic having the pattern CNC routed seemed like a viable option. After consulting with the machine technician I learned that the level of detail would be quite limited due to the size and shape of the router bits available for use. There were also issues concerning the depth of the cut and sharpness of curves so I had to adjust the corners in order for the router to be able to pass successfully over each line.
There were numerous changes that had to be made to the AutoCAD file in order to further reduce the amount of vertices on the line drawing. The pattern had to be scaled to a much larger size than I preferred but I decided to give it a shot. I performed a test on a 12"x24" piece of maple. needed to find a sustainable wood that comes in large sheet form and also a wood that is able to be CNC lasered and routed. After several days of research I came across a bamboo plywood called Plyboo that suited my needs exactly. Plyboo is a 100% FCS certified hardwood plywood that is easily machined and finished with traditional woodworking tools. I decided to work with a ¾"x 4'x8' sheet of edge grain amber Plyboo.
I wanted the design of the stool to be rather simple because due to the addition of pattern to the surface of the wood. I also wanted the stool to be easily assembled and disassembled so that it can be stored when not in use and be able to be shipped in a small package. To eliminate hardware and streamline assembly I designed a three-piece interlocking system. The u-shaped legs assemble in a crisscross manner through interlocking slots at the top and bottom of the form.
After assembling the legs the stool top locks them into place through a pocket cut routed into the bottom of the stool base.
The manufacturing process is quick and simple with the aid of CNC machining technology. The fingerprint design is etched onto the surface of the wood. After that a CNC router cuts out the individual pieces of the stool. The machining process took approximately three hours to complete. Attempting to recreate this texture by hand would have taken an exponentially greater amount of time. Design technology has allowed me to achieve a very precise pattern in a very short time period. To seal and protect the surface of the bamboo and bring out the natural color I applied several coats of Tung oil which is a natural drying agent that gives the wood a slight sheen. 
Conclusion
The thumbprint stool is just the beginning of a series of furniture and household objects that I plan to develop. I am currently in the process of designing a coat rack, coffee table, and light fixture that all feature the unique texture of my own fingerprints. My ultimate goal is to create made to order household goods that incorporate the fingerprint patterns of individual consumers. It is my hope that by using such a unique and individualized texture I can surpass the current methods of mass customization and personalization and make objects that are truly unique to an individual. By making objects that are personalized to the user it is my goal to deepen the connection between owner and object to increase product lifespan.
Current methods of sustainable design focus on the eco-friendliness of materials and production processes but often neglect sustainability beyond point of sale. I believe designers must consider the entire lifecycle of the products they create and come up with unique strategies to strengthen the attachment between consumers and their products. Product personalization and customization is just one strategy that aims at lengthening product lifespan. These individualized objects become special and reflect the personalities of their owners. If the bond is strong enough the object becomes an heirloom that can be passed down through the generations. It is my hope that my unique designs achieve this status and stand the test of time.
